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(54) Title: 

LIQUID CRYSTAL DISPLAY DEVICE 
(57) Abstract 

[Problem] To provide a liquid crystal display device of a 
reflection type, which has a reflector with a high reflectance 
and may enlarge the visual angle regardless of the position 
of a light source, lower the resistance of an electrode, 
heighten the transmit tance of a transparent electrode, and 
lower the reflectance to improve the display grade. 
[Means for Resolution] In this liquid crystal display device, 
an electrode of a three-layer structure having a silver-base 
thin film held by transparent oxide thin films is provided at 
least on the opposite sides of a transparent substrate and a 
back substrate. The device is characterized in that the film 
thickness of the silver-base thin film of an electrode on the 
transparent substrate ranges from 7 nm to 20 nm, and the film 
thickness of the silver-base thin film of an electrode on the 
back substrate is 50 nm or more. 

Claims : 

1. A liquid crystal display device, in which an 
electrode of a three-layer structure having a silver-base thin 
film held by transparent oxide thin films is provided at least 
on the opposite sides of a transparent substrate and a back 
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substrate, characterized in that the film thickness of the 
silver-base thin film of an electrode on the transparent 
substrate ranges from 7 nm to 20 nm, and the film thickness 
of the silver-base thin film of an electrode on the back 
substrate is 50 nm or more. 

2. The liquid crystal display device according to claim 
1, wherein the film thickness of the silver-base thin film on 
the back substrate ranges from 75 nm to 200 nm. 

3. The liquid crystal display device according to claim 
1 or 2, wherein a light scattering film formed of resin and 
a transparent pigment different in refractive index from the 
resin is inserted between the transparent substrate and the 
electrode on the substrate. 

4. The liquid crystal display device according to claim 
3, wherein the transparent pigment is cerium oxide. 

5. The liquid crystal display device according to claim 
1, 2, 3 or 4, wherein the silver-base thin film is a silver 
alloy containing 3 at% (atom percentage) or less a 
heterogeneous element . 

6. The liquid crystal display device according to claim 
1, 2, 3, 4 or 5, wherein the base material of the transparent 
oxide thin film is a mixed oxide of a cerium oxide and an indium 
oxide . 

7. The liquid crystal display device according to claim 
1, 2, 3, 4, 5 or 6, wherein a color filter layer is disposed 
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between the transparent substrate and the electrode on the 
substrate . 

Detailed Description of the Invention: 
[0001] 

[Technical Field to which the Invention Belongs] 
This invention relates to a liquid crystal display device 
of a reflection type and particularly to the liquid crystal 
display device, which has a reflector with a high reflectance 
and may enlarge the visual angle regardless of the position 
of a light source, lower the resistance of an electrode, 
heighten the t ransmi ttance of a transparent electrode, and 
lower the reflectance to improve the display grade. 
[0002] 

[Prior Art] 

Generally the liquid crystal display device has been so 
constructed that liquid crystal is held between two electrode 
plates having a transparent electrode, voltage is applied 
between the transparent electrodes to drive the liquid crystal, 
thereby controlling the plane of polarization of light 
transmitted through the liquid crystal, and the 
transmission/non-transmission is controlled by a polarization 
film to make a screen display. 
[0003] 

Aback light type or light guide type transmission liquid 
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crystal display device having a built-in lamp has been widely 
used, in which a light source (a lamp) is disposed on the surface 
or the side of the liquid crystal display device in order to 
obtain enough brightness in the display of this type of liquid 
crystal display device. 
[0004] 

In the transmission liquid crystal display device, the 
power consumption of the lamp is large, and there is not much 
difference between this power consumption and the power 
consumption of the display devices (CRT, PDP and the 1 ike ) other 
than the liquid crystal display device, which will impair the 
characteristics of the liquid crystal display device in itself 
that it is low power consumption and portable. 
[0005] 

On the other hand, the reflection liquid crystal display 
device uses room light and external light as transmitted light 
of the liquid crystal display device, so a lamp is not 
incorporated so that the display device is the ideal low-power 
consumption type which is light-weighted and convenient for 
carrying . 
[0006] 

In this type of reflection liquid crystal display device, 
generally a metal thin film for reflecting the room light or 
external light is uniformly provided on the whole surface of 
the substrate of the electrode plate (scan side electrode 
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plate) on the opposite side to the position of an observer 
observing the display device, or a reflection film is uniformly 
provided on the whole surface of a separate substrate and 
disposed on the back of the substrate. In a color display 
liquid crystal display, for example, a metallic reflective film 
is provided on the base material of the scan side electrode 
plate, and a transparent electrode is provided on the metallic 
reflective film through a color filter layer for coloring 
transmitted light to be taken as the above scan side electrode 
plate . 
[0007] 

Further, it is proposed that the metallic reflective film 
is constituted to have the same pattern as the above electrode 
for the liquid crystal drive, and used as the liquid crystal 
driving electrode . 
[0008] 

[Problems that the Invention is to Solve] 
It is the transparent electrode formed of mixed oxide 
of indium oxide and tin oxide called ITO that is most generally 
used as the transparent electrode for the liquid crystal 
display device . The resistance value of the ITO is at the level 
of 5 to 10 n/D at the lowest. 
[0009] 

As the screen size is increased to 10 inch or 12 inch 
or more and the precision is heightened to SVGA and XGA, as 
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for the resistance value of ITO, especially in the simple matrix 
LCD, shadow ink and crosstalk are remarkable, resulting in 
lowering the display grade. In high-speed coping measure 
using liquid crystal such as STN and BTN, the voltage drop due 
to the resistance value of ITO was the primary cause for 
obstructing the improvement in display grade. 
[0010] 

In the reflection liquid crystal display device, the 
resistance of the electrode resistance can be lowered by 
providing a reflective electrode (a reflector) formed by a 
metal thin film such as aluminum on the inner surface of the 
back side substrate to be used for a display electrode. 
Although the aluminum thin film has low resistance in the 
vicinity of 0.1 to 0.5 Q/D which is 1/10 or less of ITO, the 
reliability such as chemical resistance or moisture resistance 
is insufficient, so practically it is not used in the liquid 
crystal display device of simple matrix type. 
[0011] 

In the reflector formed by the metal thin film, room light 
and external light regularly reflect on the reflector, so the 
reflected light can't be observed at some angle of incident 
light, resulting in the problem that the display screen becomes 
dark . 
[0012] 

Further, cited is an external fitting type reflection 
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liquid crystal display device, in which the surface of aluminum 
foil is roughened to form an aluminum reflector, and the 
reflector is disposed on the outside (back) of the back 
substrate. This configuration, however, has the disadvantage 
that owing to the thickness of the substrate made of glass or 
the like, a part where a character is output by liquid crystal 
is reflected in the aluminum reflector so that two images are 
shown, so the character has double vision. 
[0013] 

The silver has a higher reflectance than aluminum by 
about 10%, so it can be used as a light reflector. The silver, 
however, has disadvantages that it is lacking in adhesion to 
a glass and plastic board, it is soft and easily damaged, 
further sulfide is easily formed on the surface and it is easily 
blackened . 
[0014] 

[Means for Solving the Problems] 

The inventors of the invention has earnestly studied to 
find that mixed oxide of cerium oxide and indium oxide has high 
refractive index, a silver-base thin film is held by the mixed 
oxide to form a high- transmittance transparent electrode or 
high-reflectance reflector. 
[0015] 

That is, according to the invention related to claim 1, 
a liquid crystal display device, in which an electrode of a 
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three-layer structure having a silver-base thin film held by 
transparent oxide thin films is provided at least on the 
opposite sides of a transparent substrate and a back substrate, 
is characterized in that the film thickness of the silver- 
base thin film of an electrode on the transparent substrate 
ranges from 7 nm to 20 nm, and the film thickness of the 
silver-base thin film of an electrode on the back substrate 
is 50 nm or more. 
[0016] 

The electrode of the three-layer structure having the 
silver-base thin film held by transparent oxide becomes a 
transmission film primarily transmitting light when the film 
thickness of the silver thin film is 20nm or less, and as the 
film thickness of the silver-base thin film is increased, light 
reflection is increased. In order to make clear the condition 
depending on the variation of film thickness of the silver-base 
thin film, Figs. 2 and 3 show examples of transmi ttance and 
reflectance of a conductive film in simple constitution where 
the conductive film with a refractive index n = 2.3 and 
thickness of 40 nm of a three-layer structure composed of the 
silver thin film held by two layers of transparent oxide is 
disposed on a glass substrate (refractive index n = 1.5) , and 
medium assumed to be liquid crystal (refractive index n = 1.5) 
is in contact with the upper side of the conductive film. 
[0017] 
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In the graphs of Fig. 2, Fig. 3 and Fig. 5, the axis of 
abscissas indicates spectral wavelength (nm) , and the 
respective axes of ordinates indicate the reflectance R of the 
conductive film and the transmi ttance T of the conductive film. 
In the drawings, the numerals indicate the film thickness (nm) 
of the silver thin film held by transparent oxide, R indicated 
by an arrow shows the reflectance, and T shows the 
transmi ttance . 
[0018] 

As shown in Fig. 2, the silver thin film shows spectral 
characteristics mainly given by transmi ttance about 80% when 
the film thickness is within the range of 20nm, and when the 
film thickness is 50nm, on the contrary, it shows the spectral 
characteristics mainly given by reflectance about 80%. The 
sheet resistivity of the conductive film (transparent 
electrode) of a three-layer structure holding a silver-base 
thin film 15 nm thick is, for example, about 3 Q/D. 
[0019] 

In the case of simulating or measuring the transmi ttance 
(spectral characteristics) of a three-layer electrode, a model 
taking the liquid crystal (refractive index n = 1.5) into 
consideration is needed. The reason will be described with 
Fig. 5. As shown in Fig. 5A and 5B, a transparent oxide thin 
film 11 with a film thickness of 37 nm and a refractive index 
of n = 2.2, a silver thin film 14 nm thick, and a transparent 
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oxide thin film 11' with a film thickness of 39 nm and a 
refractive index of n = 2.2 are sequentially stacked to form 
a three-layer structure electrode (conductive film) and 
disposed on a transparent substrate 6 made of glass or like 
with a refractive index (n) of 1.5. In Fig. 5A, the refractive 
index of medium touching the electrode (conductive film) is 
1 . 5 on assumption that it is liquid crystal, and in Fig. 5B, 
the refractive index of medium touching the electrode 
(conductive film) is 1.0 (air) . The graph in Fig. 5 shows the 
measurement results of the transmi ttance T and the reflectance 
R on the electrode in the cases of Figs. 5A and 5B . When the 
refractive index of medium touching the electrode (conductive 
film) is varied as described above, a difference is produced 
in the values of transmi ttance T and reflectance R of the 
electrode . 
[0020] 

The inventors of the invention has found that with the 
higher refractive index of the transparent oxide thin film, 
it is more effective for the improvement of transmi ttance on 
the assumption that it is liquid crystal. The mixed oxide of 
cerium oxide and indium oxide proposed by the inventors is very 
excellent in this respect. 
[0021] 

In the liquid crystal display device of the invention, 
as shown in Fig. 2, in the case of giving priority to low 
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resistance of the electrode, it will be sufficient that the 
film thickness of the silver-base thin film is large as much 
as 15 rati, and in the case of giving priority to transmi 1 1 ance 
(or low reflectance) of the electrode, it will be sufficient 
that it is thin as much as 10 nm, for example. 
[0022] 

Fig. 3 shows the spectral characteristics of the 
conductive film of a three-layer structure in the case of 
setting the film thickness of the silver thin film to 50 nm, 
75 nm, 100 nm and 200 nm. When the film thickness of the silver 
thin film is 75 nm, the reflectance exceeds 90%. When the film 
thickness of the silver thin film is 100 nm and 200 nm, the 
reflectance of the conductive film is saturated and 
simultaneously the tr ansmi t tance becomes substantially 0%. 
In the conductive film on the assumption of the reflector, it 
is preferable to stack a transparent oxide 10 nm to 150 nm thick 
on the silver thin film or the silver-base thin film. The oxide 
between the silver thin film or the silver-base thin film and 
the substrate may be omitted in some case. When the total film 
thickness of the silver-base thin film and the transparent 
oxide thin film reaches 300 nm or larger, sometimes orientation 
failure of liquid crystal due to electrode pattern etching is 
caused, and also it is uneconomical. According to the above 
description, practically it is preferable that the film 
thickness of the silver-base thin film ranges from 75 nm to 
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20 0 nm. 

[0023] 

That is, the invention related to claim 2 is 
characterized in that the film thickness of the silver-base 
thin film on the back substrate corresponding to the back side 
substrate ranges from 75 nm to 200 nm. The reflectance of a 
reflector holding a silver-base thin film with a film thickness 
of 120 nm used in the invention has a higher reflectance than 
an aluminum film or an aluminum reflector by about 8 to 20%. 
[0024 ] 

Although the reflection liquid crystal display device 
is adapted to display using room light or external light, in 
the case where the room light or external light is emitted from 
a linear light source or point light source, the light source 
is reflected in the reflector to remarkably lower the display 
grade. In the case of reflection display, light scattering 
function similar to that of paper should be incorporated in 
the member, and in the liquid crystal display device, it is 
necessary that a light scattering film is placed in a position 
close to the liquid crystal as much as possible. As for 
formation of the light scattering film, it is a simple method 
to disperse a transparent pigment different in refractive index 
from the resin {e.g. the refractive index n ranging from 1.3 
to 1.7) with a refractive index close to that of liquid crystal 
in the resin. 
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[0025] 

That is, the invention related to claim 3 is 
characterized in that a light scattering film formed by resin 
and a transparent pigment different in refractive index from 
the resin is inserted between a transparent substrate 
corresponding to a substrate on the observer's side and an 
electrode on the substrate. 
[0026] 

As the transparent pigment, various materials such as 
granulated organic resin, microcapsule and particles of 
transparent organics can be used. As the transparent organics, 
an oxide, a fluoride, a sulfide and a nitride can be used, but 
it is possible to use a titanium oxide, a zirconium oxide, a 
lead oxide, an aluminum oxide, a silicon oxide, a magnesium 
oxide, a zinc oxide, a thorium sulfate and a cerium oxide, which 
are easily available as particles. Further, the particles of 
an isometric calcium fluoride with a low refractive index and 
a magnesium fluoride having a crystal structure close to the 
above are also suitable as scattering material. These 
transparent pigments preferably have the mean particle 
diameter in the vicinity of wavelength of visible light. 
[0027] 

In the reflection liquid crystal, in the type using a 
polarizing film, it is desirable that these transparent 
pigments are optically isotropic, for example, amorphous or 
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isometric. Powder of cerium oxide called ceria as isometric 
material, which has a high refractive index, is preferable as 
scattering material . 
[0028] 

That is, the invention related to claim 4 is 
characterized in that the transparent pigment is a cerium oxide . 
Preferably the mean particle diameter of the particles of the 
cerium oxide is, as described above, at a level of wavelength 
of visible light. Although it may be larger, for the purpose 
of forming a scattering film in the cell of liquid crystal, 
it is not desirable that there are particles with a diameter 

of 2 |am or more. A transparent pigment different in the 
refractive index may be further added to the cerium oxide to 
form a scattering film. 
[0029] 

The silver is liable to flocculate due to the influence 
of heat and plasma applied in vacuum deposition by evaporation 
or sputtering. The silver is liable to migrate, so in the case 
of using the silver in an electronic device, its reliability 
is sometimes impaired. In order to solve these problems, it 
is effective to add a small quantity of element to the silver. 
When the quantity of the element added to the silver becomes 
larger, however, there is a tendency of raising the resistance 
value as an electrode and lowering the transmit tance . 
Accordingly, the quantity of addition should be held down. 
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[0030] 

That is, the invention related to claim 5 is 
characterized in that the silver-base film is a silver alloy 
containing 3 at% (atom percentage) or less a heterogeneous 
element. The element added to the silver is preferably a heavy 
element such as lead or gold from a viewpoint of restraining 
the motion of silver liable to migrate. From a viewpoint of 
a resistance value as an electrode, it is better to add a small 
quantity of copper, gold, nickel, zinc, cadmium, magnesium, 
aluminum or indium which is hard to lower the conductivity as 
a silver alloy. From a viewpoint of transmi ttance, cold and 
copper are preferable. In addition to the above, in order to 
improve adhesion to the substrate or the oxide, a small quantity 
of transition metals or semimetal may be added. Two or more 
of these elements may be added to the silver. 
[0031] 

The inventors of the invention have earnestly studied 
repeatedly to find that the silver-base thin film is held by 
the mixed oxides to form a transparent electrode with high 
reliability such as high transmi ttance and moisture resistance . 
The configuration of holding the silver-base thin film by the 
mixed oxides is effective for the reflector as well. 
[0032] 

That is, the invention related to claim 6 is 
characterized in that the base material of the transparent 
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oxide thin film is a mixed oxide of a cerium oxide and an indium 
oxide. As for the quantity of the cerium oxide added to the 
indium oxide, a cerium element can be selected from a wide range 
from 5 to 80 ath (atom percentage) at the metallic element 
conversion of indium and cerium (an oxygen element is not 
counted) . In the case of a mixed oxide containing a large 
quantity of cerium, whose cerium content exceeds 80 at% (atom 
percentage) , a sputtering target used in vacuum deposition is 
liable to break, and the conductivity of the target becomes 
lower, so that it is difficult to perform deposition by DC 
sputtering such as DC or RF-DC sputter. In consideration of 
workability using wet etching of a deposited conductive film 
having a three-layer structure and the conductivity (coping 
with DC sputtering) of the sputtering target, preferably the 
quantity of cerium element added is 10 to 40 at% (atom 
percentage) . When a strong acid resistance is required for 
the transparent oxide thin film as a mixed oxide, it is 
preferable to use a mixed oxide whose quantity of added cerium 
element exceeds 40 at% (atom percentage) . 
[0033] 

In the liquid crystal display device of the invention, 
a color display can be made by forming a color filter on at 
least one of substrates confronting with each other of two 
opposite substrates. In the case of forming the color filter 
on the substrate on the back side where the reflector is formed, 
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when the color filter is formed between the reflector and the 
substrate on the back side, the color filter is not seen from 
the observation surface, so the color filter is formed on the 
reflector. In this arrangement, in the case of forming the 
color filter on the reflector, it is impossible to make the 
effective use of low resistance (0.1 to 0.5 Q/D) of the 
reflector. Therefore, it is advantageous that the color 
filter is disposed on the transparent substrate side 
corresponding to the substrate on the observer's side. 
[0034] 

That is, the invention related to claim 7 is 
characterized in that a color filter layer is disposed between 
the transparent substrate and the electrode (the transparent 
electrode having a silver-base thin film 7 to 20 nm thick) of 
a three-layer structure on the substrate. As for the substrate 
to be used in the invention, it is not necessary to regulate 
the material, but glass, plastic board and film can be used. 
In the case of the film, a polarizing film, a phase film, a 
lens sheet and the like may be used as a substrate. Further, 
it is not necessary that limitations in color tone and material 
quality are not imposed on the back substrate, and the back 
substrate may be colored white, black and so on. Practically 
it is desirable to form an antiref lection film, AG film or EMI 
film as an outermost layer of the display device of the 
invention . 
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[0035] 

The three-layer electrode of the invention has a very 
low resistance, so it may be used to also serve as a signal 
line such as MIM and a display electrode for driving a 
transistor of a small TFT, thereby forming a liquid crystal 
display device . 
[0036] 

The silver-base thin film and the transparent oxide thin 
film can be both formed by sputtering, besides they can be 
deposited by vacuum evaporation process or vacuum deposition 
process such as ion plating. In deposition, the deposition 
condition such as the quantity of oxygen in the interior of 
a deposition apparatus is controlled to control the refractive 
index of the transparent oxide thin film to a certain extent. 
It is desirable that the substrate temperature in deposition 
is 180°C or lower, or room temperature. It is possible to 
improve the conductivity of a three-layer structure by 
performing annealing at a temperature of 150 °C or higher. 
[0037] 

As for the film thickness of the silver-base thin film 
of a three-layer structure used in the liquid crystal display 
device of the invention, the resistance value is a small matter, 
and it is favorable that in the case of TFT giving priority 
to the t ransmi ttance, the film is set thin as much as 6 to 12 
nm, and in the case of giving priority to the resistance value 
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in respect of driving the liquid crystal, it is set thick as 
much as 12 to 16 nm. 
[0038] 

The liquid crystal used in the liquid crystal display 
device should not be regulated on TN, STN, BTN, OCB, homeotropic, 
guest-host, ferromagnetism, anti- f erromagnet ism, high 
polymer dispersion and the like. The refractive index of 
liquid crystal in light transmission (in normally white TN and 
STN, the voltage is off) is preferably close to the refractive 
index of the substrate or low. Preferably the refractive 
indexes of the color filter, the orientation film, the 
polarizing film and the other members are close to the 
refractive index of the substrate, or low. 
[0039] 

According to the liquid crystal display device related 
to claims 1 to 7, the low-resistance electrode of a structure 
holding the silver-base thin film is used, or the high 
reflectance electrode is used in the reflector, whereby a 
bright reflection type display can be obtained without lowering 
of display grade due to crosstalk or shadowing. 
[0040] 

[Mode for Carrying Out the Invention] 

The mode for carrying out the invention will now be 
described in the following embodiment . 
[0041] 
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[Embodiment ] 

The embodiment of the invention will now be described 
in detail with reference to the attached drawings. 
<Embodiment > 

The liquid crystal display device according to the 
embodiment is, as shown in Fig. 1, so constructed that liquid 
crystal 3 is held by a transparent substrate 6 on which a light 
scattering film 5 and a transparent electrode 4 are stacked 
and a back substrate 1 on which a light reflector 2 is disposed. 
An orientation film is omitted and not illustrated. On the 
outside of the transparent substrate 6, that is, on the 
observer's side, a polarizing film 7 and a combination AR and 
AG film 8 are disposed. 
[0042] 

The transparent electrode 4 is formed in a stripe pattern 
with a width of 100 (am and a pitch of 110 \im, and the reflector 
2 is formed with a width 32 0 jam and apitchof 330 ^imby patterning 
in the direction of intersecting perpendicularly to the 
transparent electrode 4. The transparent electrode 4 has a 
three-layer structure in which a silver-base thin film 10 with 
a film thickness of 15 nm is held with transparent oxide thin 
films 11 with a film thickness of 40 nm. Subsequently, the 
reflector 2 is so constructed that the side touching the back 
substrate 1 which is a glass substrate is a transparent oxide 
thin film 11 with a film thickness of 10 nm, the side on the 
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liquid crystal 3 is a transparent oxide thin film 11 with a 
film thickness of 40 nm, and a silver-base thin film 10 with 
a film thickness of 150 nm is held with the respective 
transparent oxide thin films 11 to constitute a three-layer 
structure. The transparent oxide thin film 11 is a mixed oxide 
with an indium oxide containing 30 at% (atom percentage) cerium 
oxide at the metallic element conversion, and the refractive 
index thereof is 2. 24. The composition of the silver-base 
thin film 10 is a silver alloy containing 0.8 at% (atom 
percentage) copper . 
[0043] 

<Comparat ive Example > 

As a comparative example, as shown in Fig. 4, a 
transparent electrode 52 and a transparent electrode 54 are 
formed of ITO with 8 Q/D and a film thickness of 240 nm, and 
a reflector 59 made of aluminum is used on the back of the back 
substrate 51 side to constitute a liquid crystal display device . 
When the liquid crystal display devices of the embodiment and 
the comparative example are compared in respect of the 
brightness, it is found that the embodiment is brighter by about 
10% and the display grade is higher. 
[0044] 

Although an inferior display called shadowing, in which 
a displayed character is shadowed, is made in the comparative 
example, shadowing is not entirely observed in the embodiment. 
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Further, the comparative example has inferior visibility so 
that a liquid crystal displayed character is reflected in the 
reflector 59 made of aluminum on the back, so the character 
has double vision. 
[0045] 

[Advantage of the Invention] 

According to the invention, the transparent electrode 
and the reflector respectively having the three-layer 
structure in which the silver-base thin film is held by the 
transparent oxide thin films with a high refractive index, 
whereby it is possible to provide the liquid crystal display 
device of a reflection type with a high reflectance by making 
the effective use of low resistance of the electrodes. 
[0046] 

Since the reflector is located inside the liquid crystal 
cell, the display character is not reflected in the reflector, 
so that the visibility can be heightened. 
[0047] 

According to the invention related to claims 3 and 4, 
since the light scattering layer is disposed inside the liquid 
crystal cell, there is little distance to the character 
displayed by liquid crystal so that blur of the displayed 
character can be prevented so as to obtain the effect of making 
a very clear display. 
[0048] 
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According to the invention related to claim 5, it is 
possible to provide the liquid crystal display device including 
the electrode having various resistances in spite of low 
resistance by adding 3 at°e (atom percentage) or less 
heterogeneous element . 
[0049] 

According to the invention related to claim 7, a color 
display can be simply made while making the effective use of 
the low-resistance electrode by disposing the color filter on 
the transparent substrate side on the observer's side. 
[0050] 

Brief Description of the Drawings : 

Fig. 1 is a diagram showing the principal part of one 
embodiment of a liquid crystal display device according to the 
invention; 

Fig. 2 is a graph showing an example of spectral 
characteristics of an electrode used in the liquid crystal 
display device of the invention; 

Fig. 3 is a graph showing another example of spectral 
characteristics of an electrode used in the liquid crystal 
display device of the invention; 

Fig. 4 is a diagram showing the principal part of an 
example of the conventional liquid crystal display device of 
a reflection type; and 

Fig. 5 is a diagram showing an example of influence of 

24 



refractive index depending upon medium in calculating the 
spectral characteristics of an electrode used in the liquid 
crystal display device of the invention. 
[Description of the Reference Numerals and Signs] 
1, 51 : back substrate 
2 : reflector 
3, 53: liquid crystal 
4 : transparent electrode 
5: scattering film 

6, 56: transparent substrate 

7, 55, 57: polarizing film 

8, 58: combination AR-AG film 
10: silver-base thin film 

11: transparent oxide thin film 
52, 54: transparent electrode 
10, 59: reflecting plate 

[FIG. 2, 3, 5] 
REFLECTANCE R(%) 
WAVELENGTH (nm) 
TRANSMI TTANCE T (h ) 

[FIG. 5A, 5B] 
CONDUCTIVE FILM 
MEDIUM n = 1 . 5 
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MEDIUM n = 1 . 0 
11, 11' : SILVER THIN FILM 



